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ABSTRACT - For mechanical or thermal performance or for integration into a small part of a platform it is sometimes 
required to place an antenna into a small metallic cavity. The main consequence is the reduction of the antenna bandwidth. 
The objective of this study is to investigate the maximum possible bandwidth depending on the cavity height at a fixed 
frequency (2.3 GH)z. We compare simple cavity antennas to cavities with a patch at the aperture and to cavities with a 
proposed reactive impedance surface (RIS) replacing the patch. For this study we considered square cavities of sizes 32mm 
(0.246λ0), 40mm (0.3λ0) and 48mm (0.37λ0) and the effect of different relative permittivity values inside, namely 3.66, 6.15 and 
10.2. For each height, up to a maximum height where matching is still possible, patch antennas were optimized to have 
minimum of S11 at 2.3 GHz equal to -33dB. Numerical results for patch antennas are compared to analytical predictions for a 
simple cavity antenna of the same size excited only by the TE mode and to cavities with a RIS at the aperture. Patch antennas 
show unexpected dependence of bandwidth on permittivity when cavity height is approaching the guided wavelength of the 
dominant TE mode in the cavity. Maximum bandwidth is observed to be the highest when a RIS is used at the aperture. 
1.  Introduction  
Benefits of cavity-enclosed microstrip patch antennas are a miniature configuration, isolation from surroundings, 
reduced backward radiation, and importantly, reduction of surface waves which decrease efficiency, thus, a cavity 
allows the substrate thickness to be increased without negative effects [1-4]. However, the main drawback of placing an 
antenna inside a cavity is bandwidth reduction. For simple cavity antennas it was shown that bandwidth depends 
directly the aperture size of the radiator and decreases very rapidly when decreasing the aperture size [5-6].  A very 
small cavity environment also eliminates the possibility of adding parasitic elements because in a small volume two 
resonators become tightly coupled and a bandwidth broadening effect is impossible. Thus we decided to study a single 
resonance antenna in a small cavity and conditions to achieve maximum possible bandwidth. 
2.  Antenna structure 
The cavity (Fig. 1(a)) was designed with a wall thickness of 5mm on the sides and bottom and is surrounded by 
open space. Excitation is done trough a coaxial cable and a probe inside the cavity. Optimization was performed for 3 
permittivities (3.66, 6.15 and 10.2), 3 cavity sizes (32, 40 and 48mm) and discrete increments of height (Δh = 1mm) 
until matching was possible. The variables for optimizing the resonance at 2.3 GHz were patch size and feed position. 
In the case of a large cavity it was necessary to add a wire in the center of the cavity and connect it to the patch to short 
out the TM11 waveguide mode that can be excited in thick substrates. 
 
Figure 1 : (a) Design and dimensions of a square cavity with a patch. (b) transmission line model of a simple cavity antenna 
(c) model of a cavity with a patch at the aperture. (d) model with a capacitor corresponding to a reactive impedance surface 
at the aperture. 
3.  Bandwidth behavior of microstrip antennas in a small cavity 
Bandwidth was analyzed in three steps. First, without the patch, the cavity part of the antenna behaves as a short 
waveguide that is open ended to free space. It can be modeled with a transmission line having a short circuit at one end and a 
load at the aperture, as in Fig 1(b). We assume only the dominant TE01 in the waveguide which is a good approximation, and 
(a) 
(b) 
(c) 
(d) 
 the aperture admittance for that specific mode is known analytically [3] (or is calculated numerically for a finite cavity in our 
case with commercial software [8] using a waveguide port inside the cavity). A cavity antenna resonates at one specific 
height as is indicated by points on graphs in Fig 2. (a) and (b).  
Second, with a square patch at the aperture, the cavity can be made resonant at any height by adjusting the patch size and 
feed position. Simulation results (performed with commercial software CST [8]) for patch antennas are shown by dashed 
curves in Fig 2. (a) and (b). They show unexpected behavior for thick cavities i.e. a height for which there is no dependence 
on permittivity (≈8mm) and above it, an inversion of bandwidth dependence on permittivity. A model for such antenna is 
suggested in Fig 1(c). However, this model cannot be analyzed analytically for it has too many degrees of freedom. 
Third, a simplified model involving only an additional capacitor at the aperture is introduced and analyzed analytically. 
The model in Fig. 1.(d) predicts different bandwidth behavior compared to patch antennas i.e. no inversion of bandwidth 
dependence on permittivity and more importantly, higher maximum bandwidth. A new structure composed of small patches, 
shown in Fig1(d), is proposed based on this model. This structure is similar to the structure introduced in [7] and can be 
called a reactive impedance surface (RIS). Fig. 2 is showing analytical results obtained with this model on top of simulation 
results for patch antennas. Simulations of cavities designed with a RIS at the aperture were done for several heights and 
cavity sizes and confirm the predictions of the simplified model. This new design shows bandwidth improvement compared 
to classical patch design in a cavity is indeed possible. Further confirmation by detailed numerical simulations and 
manufacturing of prototypes is a subject of our current and future work.  
 
Figure 2 Simulation results for patch antennas (dashed), analytical results for a cavity with a RIS at aperture (full lines) and 
analytical results for cavity antennas (points).  (a) Rectangular cavity of size 32x32mm and (b) Rectangular cavity of size 
40x40mm. 
4.  Conclusion 
For classical patch antennas larger substrate permittivity leads to lower bandwidth, however, inside a cavity acting 
as a short waveguide, this dependence can be reversed for a range of larger heights where best performance can be 
achieved with highest permittivity. Compared to a simple cavity antenna with nothing at the aperture, patch antennas in 
the same type of the cavity can have larger bandwidth and exhibit a bandwidth maximum at a lower height than the 
operational height of the simple cavity antenna. However, even larger bandwidth can be achieved by using a special 
structure at the aperture that represents a capacitor in our model. Such a structure can be designed using small periodic 
metallic patches similarly to the reactive impedance surfaces known in the metamaterial field of research. 
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